The International Agency for Research on Cancer has classified radiofrequency radiation as possibly carcinogenic. Previous studies have focused on intracranial tumors, although the skin receives much radiation. In a nationwide cohort study, 355,701 private mobile phone subscribers in Denmark from 1987 to 1995 were followed up through 2007. We calculated incidence rate ratios (IRRs) for melanoma, basal cell carcinoma, and squamous cell carcinoma by using Poisson regression models adjusted for age, calendar period, educational level, and income. Separate IRRs for head/neck tumors and torso/leg tumors were compared (IRR ratios) to further address potential confounders. We observed no overall increased risk for basal cell carcinoma, squamous cell carcinoma, or melanoma of the head and neck. After a follow-up period of at least 13 years, the IRRs for basal cell carcinoma and squamous cell carcinoma remained near unity. Among men, the IRR for melanoma of the head and neck was 1.20 (95% confidence interval: 0.65, 2.22) after a minimum 13-year follow-up, whereas the corresponding IRR for the torso and legs was 1.16 (95% confidence interval: 0.91, 1.47), yielding an IRR ratio of 1.04 (95% confidence interval: 0.54, 2.00). A similar risk pattern was seen among women, though it was based on smaller numbers. In this large, population-based cohort study, little evidence of an increased skin cancer risk was observed among mobile phone users. cohort studies; electromagnetic fields; head and neck neoplasms; skin neoplasms Abbreviations: BCC, basal cell carcinoma; CANULI, "Cancer og social ulighed" (Danish cohort study on cancer and social inequality); CI, confidence interval; IRR, incidence rate ratio; NMSC, nonmelanoma skin cancer; SCC, squamous cell carcinoma.
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Use of mobile phones is increasing rapidly. Globally, the number of mobile phone subscriptions exceeded 5 billion in 2010 (1) . Concern exists that using mobile phones might be associated with adverse health effects (2) , and a working group at the International Agency for Research on Cancer recently classified radiofrequency electromagnetic fields as possibly carcinogenic, although no carcinogenic mechanisms have been established (3) . The radiofrequency electromagnetic field from a mobile phone held to the head penetrates up to 6 cm into the brain (4) . Epidemiologic studies on potential carcinogenic effects associated with use of mobile phones have addressed mainly intracranial tumors, and focus on other tumor types has been limited, although much of the energy emitted from mobile phones is deposited in the skin and underlying tissue (5) .
In Western countries, skin cancer is the most common malignancy, and the incidence is increasing (6, 7) . Natural or artificial ultraviolet radiation is the major risk factor for melanoma and for nonmelanoma skin cancer (NMSC), which includes basal cell carcinoma (BCC) and squamous cell carcinoma (SCC) (6, 8) . On the basis of a case report of a 50-year-old man with multiple BCC, Hardell et al. (9) suggested that mobile phones might increase the risk of BCC. In a Norwegian cross-sectional study investigating fertility among Norwegian Navy employees, personnel in job functions classified as exposed to radiofrequency electromagnetic fields were more likely to report a previous skin cancer (10) . However, in a recent case-control study of melanoma of the head and neck, no overall association with self-reported use of mobile or cordless phones was found (11) .
BCC is the most common type of skin cancer, but it is not registered as cancer in many countries because of its low potential for metastasis (6) . In Denmark, however, incident BCC and other types of NMSC are almost completely registered in 2 nationwide population-based registries: the Danish Cancer Registry (12, 13) and the Danish Pathology Register (14) . The lack of studies on the association between mobile phone use and risks of melanoma and NMSC, the availability of exposure data from the mobile phone subscriber cohort, and high-quality outcome data on skin and other cancers prompted us to examine these associations in a nationwide cohort study.
MATERIALS AND METHODS
Since 1968, all Danish residents (approximately 5.5 million) have been assigned a unique personal identification number at birth by the Danish Civil Registration System, which keeps complete information about the date of birth, sex, vital status, migration, and current and former addresses of all people living in Denmark (15) . This identification number is applied universally during all contacts with the health-care system in Denmark, allowing patient-level followup of vital status, migration, and health outcomes by computerized linkage, with exact calculation of person-years at risk and virtually no loss to follow-up.
Exposure data
Records of all (n = 723,421) mobile phone subscriptions in Denmark during the period from 1982 (when this service was put into operation) until the end of 1995 were obtained from the Danish network operators (16) . Of these, 200,507 subscriptions registered in the names of corporations were deleted. The remaining names and addresses were sent to the Civil Registration System to obtain personal identification numbers. Further data-cleaning steps are shown in Figure 1 . Because hand-held handsets were introduced in Denmark in 1987, and exposure to the head from car phones (available since 1982) is substantially lower, all subscription dates before 1987 were left-truncated to January 1, 1987.
Study population
Rather than conducting the study within the entire Danish population, we used the existing nationwide CANULI ("cancer og social ulighed"; cancer and social inequality) study of social inequality and cancer incidence and survival (17) , as has been done in previous analyses of the subscriber cohort (18, 19) . The CANULI study provided socioeconomic indicators for all Danish residents who were born in Denmark since 1925, were alive in 1990, and did not emigrate in the intervening period (n = 3.21 million). Entry into the CANULI study occurred at the age of 30 years. Vital status and migration history of all subjects were obtained from the Civil Registration System (15) . For all subjects, the highest educational level attained and annual disposable income for each year of follow-up were available from the Danish registries on personal labor market affiliation from 1990 onward (20) . Disposable income, deflated according to the year 2000 value of the Danish Crown, was calculated from household income after taxation and the number of persons in the household. Immigrants and their descendants were excluded because they comprised a small, ethnically heterogeneous group with potentially different susceptibility to skin cancer. Also, information on educational level was not systematically recorded in the labor market affiliation register if education was obtained abroad.
Case ascertainment
All cases of melanoma, NMSC, and other cancers diagnosed in the study population from 1943 through 2007 were obtained from the Danish Cancer Registry. The Danish Cancer Registry contains nationwide, accurate, and virtually complete data on incident cancer cases in Denmark since 1943 (12, 13) . The data include information on diagnosis, topography and morphology, and extent of the tumor. The vast majority of all cancers have been histologically verified. In contrast to other cancer types, NMSC is somewhat underreported in the Cancer Registry because many cases, especially BCC cases, are diagnosed and treated only in the primary health sector (21, 22) . However, more complete identification of NMSC can be obtained by adding cases from the Danish Pathology Register because almost all cases of NMSC are now diagnosed histologically (14, 21) . We therefore identified all cases of NMSC (Systematized Nomenclature of Medicine Clinical Terms (SNOMED) codes T01 and T02) recorded in the Pathology Register since 1978. The Pathology Register contains pathology specimens from all Danish public pathology departments and private clinics. The database contains records dating back to the early 1970s and has had virtually complete nationwide coverage since the mid-1990s (14) . Using combined information from the cancer and pathology registers, we identified the dates and types of virtually all primary cancers in the study population. Skin cancers were classified as melanoma (International Classification of Diseases, Tenth Revision: C43) or as NMSC (International Classification of Diseases for Oncology, 3rd Edition, topography: C44; SNOMED: T01 and T02), divided into SCC (SNOMED/ International Classification of Diseases for Oncology, 3rd Edition, morphology codes: 807, 80,323, 80,513, 80,523, and 80,833), BCC (809 and 81,223), or other and unspecified NMSC tumors (all other morphology codes; not included in the present analyses because of few and mostly unspecified tumors of head and neck; men: n = 48, women: n = 7). Only invasive cancers were included. On the basis of the topography codes, we classified the tumor location as being on the head and neck, torso or legs, or elsewhere, including tumors of multiple or unknown location.
Follow-up
Follow-up for the occurrence of cancer started at the age of 30 years, or January 1, 1990, whichever occurred last, and ended on the date of the first cancer diagnosis, death, emigration, or December 31, 2007, whichever came first. Persons with a history of cancer before study entry were excluded from the analyses (n = 3,907). Person-time within the first year of subscription was defined as unexposed. Finally, some subscribers were censored either before their first subscription (3,264 subscribers) or within the first year of subscription (1,703 subscribers). Thus, a total of 355,701 persons contributed to the exposed study cohort.
Statistical analysis
Log-linear Poisson regression models were used to estimate incidence rate ratios (IRRs) and 95% confidence intervals for primary cancer among mobile phone subscribers (exposed person-time) compared with nonsubscribers (unexposed person-time, which included person-time within 1 year of first subscription). Exposed person-time was further categorized according to years since the first subscription (1-4, 5-9, 10-12, or ≥13 years). All analyses were stratified by sex and adjusted for age in 5-year age groups (30-34, 35-39, . . . , ≥75 years) and by calendar period (1990) (1991) (1992) (1993) , . . . , 2006-2007) (basic model). Additionally, analyses were adjusted for highest educational level attained (basic school/high school, vocational training, higher education, or unknown) and disposable income (lowest: 1st quartile; middle: 2nd-3rd quartiles; highest: 4th quartile; or unknown) (fully adjusted model). For both educational level and income, information was available for more than 98% of the observed person-years. Unless otherwise stated, we always refer to the fully adjusted risk estimates. Covariates and exposure variables were included categorically, and subjects were allowed to change between category levels over time. Separate IRRs were calculated for the skin of the head and neck and the skin of the torso or legs. By then calculating the ratio of these 2 IRRs, adjusted for age and calendar period, we obtained an IRR ratio that estimated the risk of a head/neck tumor relative to the risk of a torso/leg tumor. Because the same subjects were included in the numerator and the denominator of this ratio, the comparison adjusts for susceptibility and behavioral factors that affect all parts of the body equally.
RESULTS
A total of 303,670 men with mobile phone subscriptions accrued a total of 3,187,518 person-years beyond the first year of subscription (mean = 10.5 years, maximum = 18.0 years). Among women, 52,031 subscription holders accrued a total of 525,188 person-years (mean = 10.1 years, maximum = 18.0 years).
Basal cell carcinoma
When subscribers were compared with nonsubscribers, the overall IRR for BCC at all sites was 0.97 (95% confidence interval (CI): 0.90, 1.04; n = 751) among women, 0.95 (95% CI: 0.91, 0.98; n = 3,924) among men, and 0.95 (95% CI: 0.92, 0.98; n = 4,675) among both sexes combined (data not shown). For BCC of the head and the neck (Table 1) , the IRR estimates remained near unity among men both in the overall analysis and by years since first subscription. Among women, the risk estimates varied somewhat over time since first subscription; however, no clear trend was observed, and the overall IRR was 0.93 (95% CI: 0.82, 1.05). For BCC of the torso or legs, the IRR among men was about 10% decreased overall and after more than 4 years of subscription. Among women, the risk estimates fluctuated again, with no indication of a dose-response relationship, and the overall IRR was near unity at 1.06 (95% CI: 0.93, 1.20). The IRR ratio for BCC of the head and neck relative to BCC of the torso or legs for subscribers versus nonsubscribers was slightly elevated among subscription holders with the longest time since first subscription ( Table 2) ; in men, this resulted from decreased IRRs for tumors of the torso or legs, and in women it was based on small numbers of cases. However, in both sexes, no apparent trends were observed with subscription time, and the overall IRR ratios were close to unity.
Squamous cell carcinoma
The overall IRRs for SCC at any site were 0.97 (95% CI: 0.73, 1.29; n = 50) among women, 1.03 (95% CI: 0.94, 1.14; n = 490) among men, and 1.02 (95% CI: 0.94, 1.12; n = 540) for both sexes combined (data not shown). Among men, the IRRs for SCC of the head and neck varied with time since first subscription; however, there was no apparent trend, and the overall IRR was near unity at 1.01 (95% CI: 0.88, 1.16) ( Table 3 ). In contrast, the IRRs for SCCs of the torso or legs were slightly elevated, although with no apparent trend with duration since first subscription and based on small numbers. Consequently, the IRR ratios for SCC of the head and neck relative to the torso or legs were slightly decreased, with an overall point estimate of 0.87 (95% CI: 0.66, 1.15) ( Table 4) . Small numbers precluded detailed investigations among women, but a similarly decreased overall IRR ratio was observed (IRR ratio = 0.82, 95% CI: 0.40, 1.72), resulting from a decreased IRR for SCC of the head and neck (IRR = 0.85, 95% CI: 0.49, 1.47; n = 13) and an IRR near unity for SCC of the torso or legs (IRR = 1.03, 95% CI: 0.63, 1.66; n = 17) (data not shown). 
Melanoma
The overall IRR for melanoma of any site was 0.97 (95% CI: 0.89, 1.05; n = 676) among men, 0.84 (95% CI: 0.71, 1.00; n = 126) among women, and 0.94 (95% CI: 0.87, 1.01; n = 802) in both sexes combined (data not shown). Among men, the overall IRR for melanoma of the head and neck was 1.05 (95% CI: 0.80, 1.37), with no apparent trend according to duration since first subscription (Table 3 ). For melanoma of the torso or legs, the overall IRR was 0.95 (95% CI: 0.86, 1.05), with estimates fluctuating around 1.0 according to duration of subscription. For both head/neck and torso/legs, the highest IRRs were seen among long-term subscribers; however, the confidence intervals were broad, and the IRR ratios were near unity both overall and among subjects with the longest duration of mobile phone use (Table 4) . Among women, small numbers precluded analyses by time since first subscription. The overall IRR ratio for melanoma of the head and neck relative to the torso or legs was 0.92 (95% CI: 0.40, 2.12), which resulted from slightly decreased IRRs for both melanoma of the head and neck (IRR = 0.76, 95% CI: 0.34, 1.72; n = 6) and melanoma of the torso or legs (IRR = 0.84, 95% CI: 0.84, 1.03; n = 90) (data not shown).
DISCUSSION
In our nationwide, population-based cohort study, we found no evidence of an increased risk of skin cancer of the head and neck among mobile phone subscribers. Subscribers were not more likely than nonsubscribers to develop skin cancers of the head and neck relative to the torso or legs.
We are not aware of any previous epidemiologic study that looked for an association between mobile phone use and the risk of NMSC of the head and neck. Our results do not suggest an increased risk of NMSC associated with mobile phone use. Although the IRR ratios for BCC according to years since first subscription varied substantially among women, from 0.66 after 5-9 years of subscribing to 1.40 after ≥13 years, this variability seems attributable to random variation in IRR for both head and neck as well as torso and leg, and there was no suggestion of an increased risk of BCC of the head and neck among men, for whom numbers were larger and risk estimates were more stable. For SCC, there was no suggestion of an elevated risk for tumors of the head and neck, either overall or compared with torso or legs.
In a Swedish case-control study including 347 melanoma cases and 1,184 controls, no association was reported between overall mobile phone use and risk of melanoma of the head and neck (11) . This is compatible with our findings. We observed slightly elevated risk estimates for melanoma of both head/neck and torso/legs after a long subscription duration, but the resulting IRR ratio was close to unity. In the Swedish study, Hardell et al. (11) reported an increased risk of melanoma of the temporal area, including the cheek and ear, among heavy users (>365 hours of cumulative use) of cordless phones (odds ratio = 2.1, 95% CI: 1.1, 3.8) and mobile phones (odds ratio = 2.1, 95% CI: 0.7, 6.1) who started phone use 1-5 years before diagnosis. We had no detailed information on specific tumor location on the head/ neck area or on amount of mobile phone use that would allow us to evaluate the latter findings in our study. However, any such variation by subsite was not of sufficient magnitude to appreciably impact the overall risk estimate for melanoma of the head and neck (IRR = 1.15, 95% CI: 0.69, 1.93).
The main strength of our study was the nationwide approach, which was based on objective exposure data on mobile phone subscriptions and outcome data on skin and other cancers from high-quality prospective registers (12) (13) (14) . The applied register approach practically eliminated loss to follow-up (<2.2%, with loss resulting primarily from emigration), as well as recall and participation bias, and accurate and comprehensive ascertainment of cases was made possible by the prospectively registered cancer data. In addition, the information on topography of the skin cancers allowed us to compute and compare age-and calendar period-adjusted IRR ratios for cancers with different localization, thus reducing the impact of unmeasured individual-level confounders, such as general health consciousness, adherence to public health guidelines, and genetic susceptibility. Sun and artificial ultraviolet exposure are, however, accounted for only to the extent that they affect all parts of the body equally. Furthermore, we were able to adjust for socioeconomic status through detailed data on income and educational level. A limitation of our study was the lack of data on the amount of mobile phone use, which prevented us from evaluating potential risks associated with the heaviest use. Also, we had no information on the use of hands-free kits, which reduce exposure to the head and neck, or use of cordless phones, which operate in the same frequency range as mobile phones. A further limitation was misclassification of exposure. We were unable to identify subscriptions that were not registered in the name of single persons; therefore, subscription holders who did not use their mobile phones would be erroneously classified as exposed, and subjects without a subscription but still using a mobile phone would be erroneously classified as unexposed. Moreover, subjects who took out their subscriptions after 1995 were classified as unexposed. By analyzing by years since first subscription and adjusting closely for calendar period, we did, however, secure strong contrast between the exposed and the reference populations; by design, shortterm users (1-4 years) were compared with nonsubscribers only until the end of 1999, at which time the mean exposure time was still low for those who took out subscriptions after 1995. With regard to long-term use (≥13 years), a person in the reference population who became a subscriber from 1996 onward could accumulate at most 11 years of exposure by 2007, and most unidentified subscribers in the reference population would have much shorter exposures.
Earlier phones relied on Nordic Mobile Phone Telephony (NMT) and later ones on the Global System for Mobile Communication (GSM) technology, which have higher emissions than the Universal Mobile Telecommunications System (UMTS) phones available today. Furthermore, according to the annual report of the Danish national IT and Telecom Agency, the average annual outgoing traffic per subscription was around 1,400 minutes/subscription until 1992, after which it started to decrease, stabilizing at around 900 minutes/subscription in 1995-2002 (23), and then steadily increasing, reaching 1,450 minutes/subscription in 2007 (24) . The high usage among the early users presumably reflects that the first users of the technology had sufficient need for a mobile phone to justify the expense of the subscription.
Compared with previous studies, our study had improved exposure assessment by left-truncating our exposure data to 1987, thereby reducing the misclassification of exposure due to car phones, which have been available in Denmark since 1982 but are several orders of magnitude lower than handheld phones in terms of exposure to the head and neck. The exposure misclassification discussed above is most likely nondifferential, limiting our ability to detect small risks or risks restricted to specific subpopulations (25) . In contrast, the interpretation of case-control studies based on self-reported phone use is prone to potential biases that could both inflate and deflate risk estimates (26, 27) .
Although we identified cases in the Danish Cancer Registry, 31% of NMSC cases were recorded only in the Danish Pathology Register, and some underreporting of cases remains possible, particularly BCC cases diagnosed only in the primary sector, in the beginning of our study period (21) . This information bias is most likely nondifferential because it is inconceivable that the likelihood of registration or histological examination would be associated with mobile phone subscription. Also, we believe that major diagnostic bias is unlikely because Denmark offers free, tax-supported access to health services. Furthermore, we adjusted for calendar period in 2-year intervals, ensuring comparable recording within strata. Still, it is conceivable that phone ownership is an indicator of lifestyle factors that also could result in improved health awareness, increased diagnostic intensity, or increased adherence to public health ultraviolet-protection guidelines, including avoidance of sun beds. Apart from calculating IRR ratios, we did not have data to further evaluate these potential confounding factors; however, the fact that the detailed adjustment for socioeconomic parameters, which one would expect to reflect some of the same associations, did not influence the risk estimates argues against any strong impact. Results of a Swedish study of 3 million persons suggested that the anatomical distribution of cutaneous melanoma differed by socioeconomic status (28) . There does not, however, appear to be a strong association with phone ownership in our data, inasmuch as adjustment did not appreciably alter the estimates. Even so, the lack of detailed information on the precise location of the skin tumors is a limitation of our study and might have concealed small excess risks of skin cancers close to the exposed ear. Finally, despite the nationwide design and large study population, we were limited by small numbers of cases of SCC and melanoma, particularly among women.
Conclusion
This nationwide study of mobile phone subscribers provided no support for a relationship between mobile phone use and skin cancer. Nevertheless, continued vigilance is required on potential long-term effects and small or restricted effects that could not be addressed in this study. Future investigations should preferentially be based on large-scale study populations with detailed data on exposure as well as potential confounders, such as sun-exposure habits.
